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PREFACE 
@ AM DEEPLY GRATEFUL for the 
opportunity of giving one of the Faculty Research Lectures for 
1956. It has been my good fortune to serve as a member of 
several research teams. In the preparation of this lecture, I am 
reporting as a team member because many phases of the research 
could not have been accomplished without the cooperation of 
my many associates. 
Research on the effects of inorganic fluorides on man, dogs, 
and rats was initiated at Iowa State College in 1932 and continued 
until 1936, under the leadership o(the late Professor V. E. Nelson. 
Studies on the biological effects of inorganic fluorides were con-
ducted in cooperation with Professors V. E. Nelson, E. A. Hewitt, 
H. E. Biester, H. A. Wilhelm, and C. A. Kempf, members at Iowa 
State College and Drs. C. T. Ostrem and A. E. Merkel at Ankeny, 
Iowa, where the drinking water contained elevated amounts of 
fluorides. 
Studies on the biological effects of fluorides in rats, dogs, 
and man were resumed at the University of Chicago in 1939 and 
continued until 1946 under the general supervision of Professor 
E. M. K. Geiling and in cooperation with Drs. J. R. Blayney, P. R. 
Cannon, P. C. Hodges, and o. K. Skinsnes. 
Investigations dealing with the ef~ects of fluorides on plants 
and animals have been in progress continuously since 1951 by the 
Utah Agricultural Experiment Station under the general direction 
of Drs. R. H. Walker and D. W. Thome. Among the many mem-
bers of the staff who have participated in the studies are R. W. 
Ames, J. o. Anderson, G. Q. Bateman, R. A. Bagley, W. Binns, 
J. E. Butcher, M. C. Cannon, B. H. Crandall, C. I. Draper, L. E. 
Harris, R. L. Hurst, M. L. Miner, H. M. Nielsen, B. L. Richards, 
J. L. Shupe, G. E. Stoddard, D. C. Strong, J. L. Thome, the late 
F. B. Wann, H. H. Wiebe, D. O. Williamson, and many others. 
The co.operation of many representatives of the Columbia-Geneva 
Division of the United States Steel Corporation, Stanford Research 
Institute, and many farmers is acknowledged. These studies were 
supported in part by the Columbia-Geneva Division of the United 
States Steel Corporation, the Utah County Fluorine Adjustment 
Association, and by state and federal funds. 
Studies relating to the dent~l caries experience in certain 
Utah students were made in cooperation with Dr. E. B. Wilcox 
and associates at the Utah State Agricultural College, Dr. C. H. 
Dalgleish, of the Utah State Health Department, and several 
public-spirited dentists. . 
Investigations on the effects of fluorides on man are in pro-
gress. They are being made in cooperation with Dr. J. L. Shupe 
and Prof. H. M. Nielsen of the Utah State Agricultural College, 
Dr. R. A. Call, Utah Valley Hospital, Dr. J. V. Hales, and T. E. 
Hoffer, University of Utah, Dr. J. P. Kesler and R. E. Isaacs, Utah 
State Department of Health, and Dr. N. C. Leone, chief of medical 
investigations, National Institute of Dental Research. These 
studies are being supported by a grant from the Division of Re-
search Grants and Fellowships, National Institutesof Health, and 
other funds. 
I deeply appreciate the contributions of the officers and the 
committee on faculty research of the College Faculty Association 
and an who have participated directly or indirectly in the pre-
paration of this lecture. 
Delbert A. Greenwood 
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Some Effects of Inorganic Fluorides on 
Plants, Animals, and Man 
DELBERT A. GREENWOOD 
Professor of Biochemistry 
INTRODUCTION 
~~~ in the com-
pounds of fluorine may be traced to one or more of the following 
factors: ( 1) the consumption of a drinking water containing one 
part per million of fluorine as a soluble flouride during the period 
of calcification and eruption of the teeth causes a reduction in 
the incidence of tooth decay; however, an intake of drinking water 
containing more than two parts per million of fluorine causes 
dental fluorosis of varying degrees in man and certain animals; 
(2) a continuous intake of excessive amounts of fluorine as min-
eral supplement, in contaminated forage, or the grazing of pastures 
on soils high in fluorine by young animals during the period in 
which their teeth are developing may affect them adversely; and 
( 3) the unique properties of certain fluorine-containing products 
prepared in industrial plants have served many useful purposes. 
The primary objectives of this paper are: (1) to give a brief 
summary of the occurrence in nature, preparation, properties, and 
some of the uses of fluorine and a few of its inorganic compounds; 
and (2) to describe some of the effects of certain fluorides on 
plants, animals, and man. 
This paper will be limited to a discussion of a few typical 
investigations of the many studies dealing with this subject. 
GENERAL PROPERTIES OF FLUORINE AND 
ITS COMPOUNDS 
~OJill<E IS ~ ACTIVE chemically 
that it is found in nature only in combination with other elements. 
Fluorine compounds are Widely distributed; they are found in 
8 
". , -
varying amounts in minerals, rocks, gases from volcanoes, and 
fumaroles, soils, plant and animal tissues, and certain waters. 
PREPARATION AND PROPERTIES 
Elemental fluorine was'fii-st prepared by Moissan in 1886 by 
electrolyzing hydrogen and potassium fluorides in a platinum con-
tainer. It is a toxic, pale yellowish gas. It can be converted to 
liquid at -188.2° C and to a solid at -218°C. Fluorine com-
bines readily with many elements and compounds to form new 
compounds which range from extremely active to inert. 
, USES 
The principal fluorine bearing minerals which are used in 
large scale industrial processes are: fluorite or fluorspar (CaF 2)' 
cryolite (N aaA1F 6)' apatite (SCas (PO 4) 2CaF 2), and sedimentary 
phosphate rock. Fluorspar is used extensively as a flux in the 
smelting of metals and in the ceramic industries. Cryolite is used 
in the manufacture of aluminum by the Hall-Heroult electrical 
process. Large deposits of phosphate rock are found in Colorado, 
Florida, Idaho, Montana, South Carolina, Tennessee, Utah, Wy-
oming, and in other p'arts of the United States and the world. 
Elemental phosphorus and phosphatic fertilizers are manufactured 
from these deposits of phosphates containing fluorides. Fluorine 
compounds are used in the etching of glass, in insecticides, and as 
catalysts in many chemical processes. Simons and associates 
(1950, 1954) have compiled and discussed the preparation, pro-
perties, and uses of fluorine and its many compounds. Extensive 
research is being conducted in this field at the present time. 
, EFFECTS ON PLANTS 
~ ANY INVESTIGATIONS have been 
conducted on the effects of fluorides such as hydrogen fluoride 
on a wide variety of plants. A classified bibliography of the early 
publications concerning the' effects of fluorides on plant and other 
o 
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forms of life was prepared by Campbell (1950). A review of the 
literature relating to gas damage to plants was prepared by 
Thomas (1951). The effects of fluorine compounds on plants 
have been summarized by Daines et al. ( 1952), Griffin and 
Bayles (1952), Miller and associates (1952), and Zimmerman 
(1952). 
The onset of symptons which may be observed in plants 
following exposure to hydrogen fluoride depends upon a number 
of factors such as the concentration, time of exposure, type and 
age of plant, temperature, type of light and intensity, composition 
of the air, and its rate of circulation. The exposure of sensitive 
green plants to elevated concentrations of the gas (for an ap-
propriate time interval) under controlled environmental condi-
tions may produce one or more of the following manifestations: 
slight paling of normal green pigment at the tips or margins of 
the leaves which may spread to other portions of the leaf, a pale 
green area at the margins which may gradually turn into a light 
buff color and finally a reddish brown. Varying degrees of injury 
to leaf tissues may occur until the entire leaf is affected and it 
falls from the plant. Vital plant processes such as respiration and 
photosynthesis may be influenced. 
Other toxic substances and environmental conditions may 
produce symptoms in plants which resemble those produced by 
fluorides. A correct positive diagnosis of injury to plants by 
fluorides requires that a complete history of the plants and their 
environment be known and adequate supporting chemical tests 
for fluorides in the atmosphere, soil, water, and plants reveal the 
presence of toxic amounts of the element. 
Marked differences in the ability of plants to absorb and 
tolerate fluorides have been observed by different investigators. 
A striking example of this point L'1 gladioli was found by Johnson 
et al. (1950). Leaves of the Shirley Temple variety accumulated 
~38 parts per million (ppm) fluorine (F) and the leaf area in-
Jured was given an injury index of 54 (ca. 54 percent), while 
leaves of the Algonquin variety accumulated 611 ppm and the 
leaf injury index was 7. Significant differences in tolerance to 
fluorides have been fo~nd among varieties of apricots, prunes, 
and other species. 
10 FIFTEENTH .ANNuAL FACULTY REsEAl\CH LECTURE 
Some of the effects of known concentrations of hydrogen 
fluoride on the internal structure of Pinus ponderosa have been 
investigated by Solberg et al. (1955). Young Pinus ponderosa 
trees about four feet in height, growing in five gallon cans, were 
fumigated in five plastic greenhouses with different concentra-
tions (0.5, 1.5, 5.0, and 10 parts per billion [ppb]) of hydrogen 
fluoride for varying time intervals. Samples of needles were taken 
prior to and after fumigation for gross and histological studies. 
The following changes were noted in the needles; a distinct paling 
of the normal dark green color, pale green areas gradually turned 
into a light buff color and finally a reddish brown. On certain 
needles the changes were confined to the tips, while on others 
browning was observed on almost the entire length of the needle. 
The changes from normal green to brown occurred in 24 to 72 
hours depending on the concentration of the hydrogen fluoride 
and other factors. Needle curvature was observed most often in 
needles burned the entire length. Young needles were generally 
more susceptible to hydrogen fluoride injury than older needles. 
Microscopic changes in green needle tissues, presumably caused 
by levels of fluoride, were observed only in tissues immediately 
adjacent to browned areas. As tissues were damaged within the 
needle, the interior surfaces collapsed inward toward the vascular 
area of the needle. It has been postulated that hydrogen fluoride 
enters the stomata, passes through tissues external to the vascular 
tissues, enters the vascular tissues, and is carried to the needle 
apex where it accumulates and causes tissue damage and collapse. 
Benedict and Breen (1955) have used weeds in evaluating 
vegetation damage caused by air containing hydrogen fluoride 
and other air pollutants. Ten weeds that grow more or less com-
monly throughout the United States were selected for fumigation 
studies: annual bluegrass (Poa annua), cheeseweed (Malva par-
viflora), chickweed (Stellaria media), dandelion (Taraxacum of-
ficinale), Kentucky bluegrass (Poa pratensis) , lamb's-quarters 
(Chenopodium album), mustard (Brassica arvensis), nettle-leaf 
goosefoot (Chenopodium murale), pigweed (Amaranthus retro-
flexus ), and sunflower (H elianthus annuus ). 
The weeds were seeded on the top of well-mixed loam in 
boxes six inches square and four inches deep and kept under 
favorable conditions until they germinated. Mter about ten days, 
s 
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the plants were thinned to five per box, except for grasses of which . 
twenty were allowed to grow for three and six weeks in moist soil 
and six weeks in dry soil. 
Boxed plants of each species of weeds were placed in special 
chambers and fumigated with hydrogen fluoride at concentrations 
of 1 and 0.1 ppm for four hours. Fumigations were conducted 
from about 10 a. m. to 2 p. m. to provide the maximum amount of 
sunlight so that the plant stomata would be open and optimal 
conditions for possible injury or marking would be present. 
The leaves on each plant were divided into three groups-old, 
middle aged, and young. The occurrence and prevalence of mark-
ings in the various age groups were noted. Markings were de-
scribed as to color, location on the leaf, and manner of develop-
ment. Tip and marginal markings were generally the charcteristic 
types which developed on leaves exposed to hydrogen fluoride. 
The results of the fumigations with hydrogen fluoride under 
the conditions of these experiments indicate the weeds could be 
classified into four groups as follows:· 
e very sensitive-nettle-leaf goosefobt; 
• sensitive-chickweed, pigweed, and annual bluegrass; 
• Intermediate-Iamb's-quarters, mustard, and Kentucky 
bluegrass; 
• resistant-cheeseweed, sunflower, and dandelion. 
The effect of ecological factors on photosynthesis has been 
reviewed · by Thomas (1955). He and his associates have used 
photosynthesis as a yardstick for evaluating the effect of fumiga-
tion of plants with toxic gaseous substances. It has been assumed 
that if photosynthesis in plants i~ not affected by a fumigation 
treatment, it is unlikely a plant will be injured. . 
Thomas and associates found that plants could tolerate sub-
lethal concentrations of hydrogen fluoride for long periods with-
out interference with assimilation. In most species there was a 
rapid translocation of absorbed fluoride to the tips or margins of 
the leaves, where toxic concentrations accumulated, causing 
~e.crotic areas. Photosynthesis was reduced by the extent of the 
lnJured areas, but the green portions of the leaf remained fully 
functional. The range of "sub-lethal" concentrations with differ-
12 FIFTEENTH ANNuAL FACULTY REsEARCH LECTVlIE 
ent species was marked. In gladioli, as much as 10 ppb in many 
six to eight hour daily fumigations could be disposed of by trans-
location to permit green areas to function fully. In cotton, 400 
to 500 ppb could be similarly tolerated. Other species gave inter-
mediate values. Higher concentrations than these caused a re-
duction in photosynthesis in excess of apparent leaf injury. Re-
covery from this inhibition of photosynthesis was relatively slow. 
The exact mechanism of injury to plants by fluorides is un-
known. It has been postulated that they interfere with the 
functioning of certain enzymes such as enolase and phosphatases. 
Further studies in this area are indicated. 
EFFECTS ON ANIMALS 
~ ANY INVESTIGATIONS have been 
conducted on the effects of fluorides on animals. These have 
been reviewed by McClure ( 1933), DeEds ( 1933), Roholm 
( 1937), Peirce (1939), Greenwood (1940), Mitchell and Edman 
( 1952), Hobbs et al. (1954), Cox (1954), Hodge and Smith 
(1954, and Phillips et al. (1955). 
The effects of fluorides on animals depend upon a number 
of factors such as the phYSical and chemical properties of the 
compounds, dosage or amount given, method, rate, and length of 
administration and the presence of interfering substances. Among 
the factors which modify actions of potentially harmful substances 
in the body are age, state of health, and sensitivity. Young ani-
mals are generally more susceptible to harmful or toxic substances 
than older ones. Sick or inadequately nourished animals are 
sometimes more susceptible than healthy ones. Either natural 
or acquired sensitivity may render certain individual animals 
more sensitive than others. 
ACUTE SYMPTOMS 
The types of symptoms which may be observed in an animal 
following the administration of fluorides depend primarily on 
the dosage and the method and rate of administration. When 
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large doses (several grams) of soluble inorganic fluorine com-
pounds are given orally to animals in a short time interval (few 
minutes or hours) acute intoxication develops. The symptoms 
associated with this type of poisoning are partly local, affecting 
the gastro-intestinal tract (thirst, vomiting, abdominal pains, 
diarrhea) and partly a result of absorption which causes alternate 
painful spasms and pareses, weakness, excessive salivation, per-
spiration, dyspnea, and weakened pulse. Death is attributed 
primarily to respiratory paralysis. One or more of the symptoms 
may be absent. Post-mortem examinations reveal a marked 
hemorrhagic gastro-enteritis with a tendency to necrosis. Micro-
scopic findings have indicated a more or less pronounced degen-
eration in the parenchymatous organs, particularly the liver and 
kidneys. 
Administration of smaller toxic amounts of fluorides (about 
6-14 milligrams [mg.] per kilogram of body weight daily) over a 
period of several days causes an immediate decrease in appetite, 
rapid loss of weight, a decline in health and vigor which termi-
nates in death. This type of poisoning has been described by 
Roholm (1937) and Hobbs et a,l .. ( 1954). 
CHRONIC INTOXICATION 
The daily ingestion of small toxic doses of fluorides by young 
animals during the period of the development of their teeth causes 
the gradual development of chronic symptoms. A substantial 
amount of the fluorine absorbed by an animal is stored in the 
skeleton (bones and teeth). Some of the most characteristic 
changes associated with intakes of fluorides in animals are altera-
tions in the teeth, bones, and closely related structures. The 
severity of the symptoms is related directly to the intake and dur-
ation of exposure. 
The first detectable condition in young animals is a change 
in the appearance of the permanent teeth, ranging from slight 
white striations to chalky areas in the enamel; this may be the 
only deviation from normal observed in an animal exposed to 
slight amounts of fluorides. At higher levels, hypoplasias of the 
enamel and dentine, pitting, and discoloration ranging from light 
brown to almost black, may occur. In extreme cases, the entire 
tooth structure may be \vorn down almost to the gums. Classifi-
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cation schemes have been developed to describe the various stages 
of dental fluorosis by Dean (1934), Harris et al. (1952), West 
( 1954), Hobbs et al. (1954), and Shupe et al. (1955). The dental 
changes are generally found in the permanent teeth. The de-
ciduous teeth may be affected at high levels of fluoride intake. 
If farm animals do not receive excessive dosages of fluorides until 
they are 4 to 5 years of age, their teeth remain normal and bone 
changes may be slight or marked depending on the dosage and 
length of exposure. 
The bones and joints of animals fed excessive amounts of 
fluoride for long periods gradually become enlarged and extra 
bone growths or exostoses may appear in different parts of the 
skeleton. Calcification of ligaments and related structures at-
tached to bones may occur in extreme cases. Animals may be-
come stiff and intermittent lameness may occur. Occasionally 
lameness in the front legs may be so severe that animals move 
around on their knees. Mter a few days of severe lameness, ani-
mals may temporarily recover regardless of treatment. 
Detailed changes which occur in the bones of animals severely 
affected with fluorosis have been described by Roholm (1937) 
and Shupe et al. (1955). 
In addition to severe bone changes observed in advanced 
stages and fluorosis, systemic effects such as anorexia, inanition, 
and cachexia may occur. Other secondary symptoms such as 
decreased milk production and rough coat may be present. Star-
vation and other conditions which interfere with normal physi-
logical processes may produce symptoms which resemble those 
found in severe chronic p~i~oning by fluorides. 
A positive diagnosis of fluorosis in animals may be made 
when clinical symptoms are present in teeth and bones, and in-
volve vital systemic processes; and when chemical analyses indi-
cate excessive amounts of fluorine are present in the diet, urine, 
teeth, bones, or all four. 
Some effects of fluorides on rats, dogs, dairy cattle, sheep, 
and turkeys will be discussed briefly. 
RATS 
The incisor teeth of rats and other rodent-like animals differ 
from those of other animals in that they continue to grow in 
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mature animals. Gross and histological changes which occur in 
the enamel and dentine in the rat incisors in acute and chronic 
fluorosis have been described in detail by Schour and Smith 
(1934). 
The types of changes which occur depend among other 
factors upon the dosage of fluorides administered and length of 
exposure. A short time following the administration of small 
amounts of soluble fluoride (ca. 100 ppm F in the diet), their 
incisors begin to lose their normal orange pigment and luster and 
to become chalky in appearance. At high levels of administration 
the enamel becomes pitted and corroded and frequently the upper 
or lower incisors become elongated or shortened. The elongation 
and shortening are the result of an alteration in the rate of wear 
of the incisors, which is associated with a disturbance in calcifica-
tion. The incisor, which first develops imperfect calcification in 
the enamel. of its incisal edge, is unable to wear off the opposite 
incisor so that the latter elongates. The ends of the elongated 
incisor teeth sometimes penetrate the soft tissues in either upper 
or lower jaw. 
It has been postulated that soluble fluorides have a direct 
local action on the formation and calcification of enamel and 
dentine and particularly on the cells involved in enamel fom1ation. 
McClend,on and Gershon-Cohen (1953) have produced yellow 
corn, sunflowers, and yeast low or lacking in halogens by growing 
them in purified water-cultures. These products were used in 
the preparation of basal diets of the following composition on a 
percentage basis: yellow com 30, sunflower seed 30, sunflower 
leaves 20, yeast 10, and sucrose 10. A diet deficient or low in 
fluorine was prepared by the addition of sodium salts and the 
other halogens, with the exception of fluorides, to the basal diet. 
This diet was fed to 19 albino rats, weaned at 21 days of age, for 
two months. The rats either failed to grow or grew at subnormal 
rates and most of the molars in the rats were carious. Control rats, 
litter mates of those fed the low fluoride diet, were fed the same 
dietary cons,tituents which had been grown in soil and a drinking 
water containing 20 ppm fluorine. These rats gained in weight 
and the incidence of carious molars was reduced significantly. 
Fluorine appeared to be essential for normal growth and tooth 
development in albino rats under these experimental conditions. 
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Experiments of a similar nature should be repeated with other 
rats and conducted on other species of animals. 
DOGS 
Studies of the toxic effects of the intravenous administration 
of solutions (2 to 5 percent) of reagent grade sodium fluoride, 
sodium fluosilicate, potassium fluoride, ammonium fluoride, sod-
ium chloride, potassium chloride, and ammonium chloride in dogs 
were conducted by Greenwood et al. (1934, 1938). 
Seventeen adult dogs, nine males and eight females, were 
used. They weighed from 6 to 26.8 kilograms. Two dogs were 
generally used in the investigation of each compound with the 
exception of sodium fluoride where five animals were employed. 
The fluorides were considerably more toxic than chlorides of 
the same element or radical. When the fluorides were listed in 
order of lethal dose in mg. per kilogram of body weight, they may 
be arranged as follows: 
ammonium fluoride 21.2 
sodium fluosilicate 38.7 
potassium fluoride 24.1 
sodium fluoride 47.0 
The order of toxicity of chlorides on the same basis was: 
potassium chloride 39.3 ammonium chloride 334.8 
sodium chloride 3,333.0 
The cations were partially responSible for the differences in the 
toxicity of the compounds of fluorine and chlorine. The method 
and rate of injection are important factors in determining the 
lethal dosage of a compound. 
Comparative studies of the feeding of fluorides as they occur 
in purified powdered bone meal, defluorinated phosphate, and 
sodium fluoride to dogs were conducted by Greenwood et al. 
(1946). 
The different supplements were fed in the basal ration at a 
level to prOVide 5.2 mg. of fluorine per kilogram of body weight. 
The basal ration consisted of a commercial dehydrated feed (Pard) 
plus fresh ground beef lungs from a federally inspected plant. 
The fluorine content, in ppm of the basal ration and supple-
ments was as follows: dehydrated dog food 17.4, beef lungs ca. 
0.1, powdered bone meal 633.0, defluorinated phosphate 588.0, 
USP calcium phosphate 11.0. 
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The various supplements were mixed with the basal ration 
and fed to 21 litters of dogs (99 puppies). Group 1, control, 
(4 litters or 21 puppies) received basal ration plus the USP cal-
cium phosphate at levels which would provide calcium and phos-
phoms at the concentration obtained by the dogs fed bone meal 
powder or defluorinated phosphate. Group 2 (7 litters or 36 
puppies) received basal ration plus purified bone meal. Group 3 
(6 litters or 22 puppies) received basal ration plus defluorinated 
phosphate. Group 4 (4 litters or 20 puppies) received,. basal 
ration plus sodium fluoride. 
Mothers of the puppies were mongrel and the average 
weight was about 10 kilograms (range 4 to 20). The animals 
were kept in cages with concrete floors. Wood shavings were 
used for bedding. During good weather, the dogs were allowed 
out-of-doors in two large screened concrete pens. Dogs were 
weighed weekly and their teeth were examined frequently. 
Blood studies were conducted on the puppies during the per-
iod of calcification and emption of their permanent teeth. 
Roentgenograms were made, under pentobarbital anesthesia, of 
femurs and tibias of representative puppies of each group at 3 
months of age and about every three months for 1 to 2 years. 
Roentgenograms were made of the jaws and teeth of representa-
tive dogs which were sacrificed for histological studies. Necropsies 
were performed on all the dogs. The fluorine content of dry, fat-
free femur bones was determined. 
Studies on these 21 litters of dogs revealed that there was 
no significant alteration in semm calcium and phosphoms, hemo-
globin, blood coagulation time, and growth in dogs fed fluorine 
as it occurs in sodium fluoride, purified bone meal powder, and 
defluorinated phosphate at a level of 5 mg. per kilogram of body 
weight daily, up to a period of about 1 year, under these experi-
mental conditions. 
Puppies fed 5 mg. of fluorine as sodium fluorde per kilogram 
of body weight daily during the period of calcification of their 
teeth developed a dental fluorosis and stored excessive fluorine in 
~heir bones, while other puppies fed the same level of fluorine as 
It.occurs in purified bone meal powder and deflorinated phosphate 
dld not develop dental fluorosis nor store excessive fluorine in 
their bones. Bone development appeared normal in all groups 
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as revealed by breaking strength tests, roentgenograms, and histo-
logical studies. 
The teeth of 20 dogs fed 5 mg. of fluorine per kilogram of 
body weight daily as bone meal powder, and 11 dogs fed de-
fluorinated phosphate were superior to the teeth of dogs fed the 
same level of flU(:>rine as sodium fluoride or the control ration 
supplemented with about the same level of calcium and phos-
phorus as found in the bone meal powder or defluorinated phos-
phate. 
SHEEP 
Studies relating to effects of fluorides on sheep have been 
reported by Velu (1931), Roholm (1937), Pierce (1938, 1939. 
1952), Shrewsbury et al. (1944), and Hobbs et al. (1954). 
The effects of various levels of fluoripe as fluorides in the 
fattening ration of ninety wether Rambouillet, Targhee, and Col-
umbia lambs were investigated by Madsen et al. (1954). Mter 
weighing, the lambs were stratified according to weight and breed 
and fed in groups of three individuals per lot. They were fed a 
fattening ration (alfalfa hay, barley, wheat, dried beet pulp, 
molasses, dicalcium phosphate, and salt) containing 14, 18, 32, 58, 
and 112 ppm of fluorine in the total moisture-free ration for 98 
days. Fresh water was available. Two sources of fluorine were 
used. One was reagent grade sodium fluoride and the other was 
hay containing elevated amounts of fluoride which accumulated 
in alfalfa while it was growing near industrial plants liberating 
fluorides. A comparison of the effects of the two sources of 
fluorine compounds could be made only at levels below 55 ppm. 
About 95 percent of the ration was fed in the form of one-half 
inch pellets and the remainder as chopped alfalfa hay to insure 
normaJrumination. Feed consumption and body weight measure-
ment and examinations were made every two weeks. 
At the conclusion of the feeding period, lambs were trucked 
forty miles to the Union Stock Yards at Ogden where they were 
individually weighed and graded. They were slaughtered in a 
federally inspected packing plant and wami carcass and pelt 
weights of each lamb were obtained. Each carcass was examiped 
for possible gross abnormalities. " Federal grades of cooled car-
casses were recorded. " 
Tissue sections of the liver, kidney, and one of the metacarpal 
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bones were taken from each lamb for histological studies. Exam-
inations of the histological sections under a microscope indicated 
the tissues were normal. Fluorine determinations were made on 
the rations and bones. The results indicated the fluorine content 
of the rations was at the desired concentration and that the fluor-
'ine content in the metacarpal bone incr«;lased as the fluorine con-
tent of the ration increased. 
Feed consumption, rate of gain, market grade, dressing per-
centage, carcass grade, pelt weight, wool staple length, fiber 
length, and fiber diameter were not influenced by the levels or 
sources of fluorine fed under the conditions of this experiment. 
The effects of various levels (17, 50, 100, and 200 ppm in 
the ration) of fluorine as sodium fluoride, terramycin, and stil-
bestrol implants in the fattening ration of seventy-two weanling 
Rambouillet, Targhee, and Columbia lambs were determined by 
Raleigh et al. (1955). Only the effects of fluorides on the lambs 
will be discussed. 
A factorial designed experiment was used to measure the 
effects of the different constituents on the biological responses of 
the lambs. 
The basal ration consisted of alfalfa hay, barley, wheat, dried 
beet pulp, molasses, dicalcium phosphate, and salt to which 
sodium fluoride and terramycin were added to give the desired 
amount of these constituents. The different rations were con-
verted into pellets ;l4 inch in diameter and ~ to ;l4 inch in length. 
Feed consumption, rate of gain, market grade, dressing percent-
age, and carcass grade were similar and normal for lambs of the 
same breed fed 17, 50, and 100 ppm of fluorine, primarily as sod-
ium fluoride, in their fattening ration. These qualities were signifi-
cantly lower in lambs fed 200 ppm of fluorine as sodium fluoride 
in the ration. Pelt weights and wool fiber characteristics were 
not 'affected by the levels of fluorides fed in this experiment. 
Average values for fluorine stored in the dry fat-free meta-
carp,albones were 125, 556, 816, and 1309 ppm for the lambs fed 
17,50,.100, and 200 ppm of fluorine in their fattening ration for 
84 days. 
: ,N 0 histolOgical changes in tissues studied occurred as a result 
of. the feeding of the levels of fluorine under the conditions of 
thu, :experiment. 
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DAIRY CATTLE 
The effects of feeding rations containing elevated amounts 
of fluorides to dairy cattle have been investigated by the Huffman 
and Reed (1930), Phillips et al. (1934), Roholm (1937), Blake-
more et al. (1948), Agate et al. (1949), Rand and Schmidt (1952); 
Neeley and Harbaugh (1954), and Schmidt et al. (1954). 
Controlled experiments were started on 32 grade Holstein 
dairy heifers at the Utah Agricultural Experiment Station in April 
of 1952. The heifers weighing initially from about 180 to 274 
pounds were segregated according to weight into two groups. 
The largest heifers were allotted at random into an experimentlil 
design which included four different levels of fluorine added as 
sodium fluoride (about 10, 25, 50, and 100 ppm in the diet), two 
levels of grain (2 and 4 pounds daily per animal) and two levels 
of calcium and phospholUs supplement (1 and 3 percent) in the 
grain mixture. Fresh water was always available. 
The effects of these rations on growth, dental and bone de-
velopment, and the production of calves and milk are being 
determined. 
The animals are fed individually and records are kept of the 
feed consumed and milk produced . . Each animal receives clinical 
examinations about every two weeks. Photographs of the animals 
and their teeth are taken at differen~ stages in their development. 
Eight rib biopsies have been made of one replication, or 16 
animals, during different stages of their development to determine 
the effects of the· different treatments on bone stlUcture and com-
position, particularly with respect to the deposition of fluorine. 
The effects of the different levels of fluorine on the digestion 
and metabolism of essential nutrients in the diet of the animals 
are being determined. 
The initial results of these studies were reported by Stoddard 
et al. (1954). Under the conditions of this experiment, the levels 
of fluorides fed have not altered significantly the following: feed 
intake, gain in liveweight, height at withers, birth weight or mor-
tality of calves, milk and butterfat production during the first 
lactation period. . 
There has been a direct relation between the fluorine intake 
in the diet and dental fluorosis classification (adapted H. T. Dean 
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scheme 1934). Cows fed the basal ration (containing 10 ppm F) 
have normal teeth or no dental fluorosis, while those fed a diet 
containing 100 ppm fluorine have an average dental fluorosis 
classification of severe. Exostoses have been observed on certain 
bones of all animals fed diets containing 100 ppm fluorine . but 
were not detected on bones of cows fed the lower levels of fluor-
ine. Intermittent lameness has occurred in several of the cows 
fed the high level of fluorine during periods in their development. 
There has been a positive correlation between the fluorine stored 
in fat-free dry rib bones and the intake of fluorine in the diet. 
Hundreds of cattle and sheep have been examined in the 
field for possible symptoms of fluorosis in certain areas in Utah 
where above normal concentrations of fluorides were found in the 
feed. Many animals have been found that exhibited symptoms 
of fluorosis in varying degrees. Necropsies and histopathological 
studies have been performed on more than one hundred animals 
from the field exposed to different amounts of fluorides and show-
ing symptoms of fluorosis of varying degrees of severity. Some of 
the results of histopathological studies have been summarized by 
Shupe et al. (1955). Abnormal changes were found mostly in 
the teeth and bones of animals exposed continuously to high levels 
of fluorides for several years. A number of patholOgical condi-
tions, such as the penetration of metal objects in vital organs in 
the animal, which were not related to the fluoride intake, were 
found. 
TURKEYS 
The effects of feeding various levels of sodium fluoride to 
growing turkeys was investigated by Anderson et al. ( 1955). 
Eighty-eight ten-week-old Broad Breasted Bronze turkeys and an 
equal number of twelve-week-old turkeys were fed rations con-
taining 43, 100, 200, 400, 800, and 1600 ppm of fluorine, primarily 
as sodium fluoride, for 16 weeks. Duplicate pens of ten-week-old 
and twelve-week-old male and female birds were fed each of the 
six rations. Each pen contained 7 birds at the beginning of the 
experiment. The birds were kept in pens with elevated wooden 
slats so spaced as to permit the droppings to fall to the ground 
below, hardware cloth sides, and a wooden and metal top. 
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All birds were weighed and feed consumption determined at 
four-week intervals. At least two representative birds from each 
group were killed at the end of an 8-week feeding period and 
necropsies performed. Samples of breast muscles, thigh muscles, 
liver, kidney, and femur and sternum bones were taken for histo-
logical studies, and chemical analyses for fluorine were made. 
At the end of the sixteen-week feeding period all of the birds 
were killed and samples were taken for study. The major results 
obtained in this experiment indicated that male turkeys gained 
less weight when the ration contained 200 ppm or more of fluor-
ine. A more critical level for growing turkeys was found to be 
between rations containing 400 and 800 ppm of fluorine. Between 
these two levels there was a marked decrease in gain by males, a 
decrease in gain by females, a decreased feed consumption, a 
decreased feed efficiency, and an increase in the fluorine con-
tent of the soft tissues and bones. These changes were most 
marked in birds fed 1,600 ppm of fluorine in the diet. 
Turkeys killed at the end of the eighth and sixteenth weeks 
from lots fed 1,600 ppm of fluorine in the ration showed a marked 
thickening of the duodenal wall. Mucous membranes of the 
duodenum were covered with a substantial amount of heavy gray 
mucous. The entire intestinal tract had a pale, cooked appear-
ance. A slight thickening of the duodenal wall of the intestinal 
tract was observed in a few birds fed 800 ppm of fluorine in the 
diet for eight weeks. 
There was no relation between the fluorine level fed and 
mortality of birds during the experiment. 
Phillips et al. (1955) have suggested the safe levels of fluor-
ine as sodium fluoride or equivalent in ppm in the total ration (dry 
basis) of some farm animals may be as follows: dairy cows Sq-50, 
beef 40-50, sheep 70-100, swine 70-100, chickens 150-S00, and 
turkeys S00-400. Higher levels of more insoluble fluorides may be 
tolerated. 
.ALLEVIATION 
Nothing has been found which will completely prevent the 
toxic effects of the ingestion of elevated amounts of fluorides by 
livestock. Among the treatments reported by Hobbs et al. (1954) 
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and Phillips et al. (1956) partly to counteract some of the toxic 
manifestations in animals caused by an excessive ingestion of 
fluorides are the follOWing: 
• increasing the amount of low-fluoride-containing feeds 
such as grains, 
• addition of non-harmful amounts of calcium or aluminum 
compounds of low-fluorine content to the diet, 
• providing good pastures low in fluorides for foraging types 
of animals, 
• providing adequate amounts of a well-balanced ration. 
Good management of the animals is important. 
EFFECTS ON MAN 
r;..../ 
\::!;J HE LITERATURE relating to the 
effects of fluorides on man is voluminous. Among the reviews 
and recent summaries on this subject are those of DeEds (1933), 
Roholm (1937), Greenwood (1940), Campbell (1950), Cox 
(1954), Largent (1954), Hodge and Smith (1954), and Bibby 
and Brudevold (1954). 
ACUTE POISONING 
A detailed summary of the acute cases of fluorine poisoning 
reported in the literature from 1873 to 1935 was compiled by 
Roholm (1937). During the period, 112 cases were listed, 60 of 
which ended fatally. Several additional cases have been reported 
since 1935. In most instances, these were the result of accidents 
in which inorganic fluorides such as sodium fluoride and sodium 
fluosilicate were ingested in large amounts by mistake. The lethal 
dose of sodium fluoride for an adult man has been estimated to be 
from 5 to 15 grams. There are wide variations in the toxicity of 
different compounds of fluorine. 
CHRONIC INTOXICATION 
Investigators in the nineteenth century demonstrated the 
normal presence of fluorides in human and animal bones and 
teeth and in other biological substances. 
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Crichton-Browne (1892) suggested that ' a fluoride defic-
iency was partially responsible for an increased incidence of den-
tal caries in England. He recommended that fluorides be added 
to the diet. 
McKay and Black (1916) and McKay (1925) associated 
mottled enamel with domestic water supplies. It was noted that 
the incidence of dental caries was lower in persons with mottled 
enamel. Studies indicating a possible correlation between fluor-
ides in the drinking water and dental fluorosis (mottled enamel) 
were reported by Churchill (1931), Smith et al. (1931), and 
Velu (1931). 
The occurrence of fluorides in Iowa water supplies and dental 
fluorosis was found by Ostrem et al. (1932). Investigations at 
Ankeny, Iowa, and surrounding areas revealed a correlation be-
tween the concentration of fluorides in the drinking water and the 
degree of dental fluorosis. Mild, moderate, and severe degrees of 
dental fluorosis, according to the Dean Classification Scheme 
( 1934) were associated with concentrations of fluorine in the 
drinking water of 1 to 3, 3 to 5, and 5 or more ppm, respectively. 
In some cases the degree of dental fluorosis varied in different 
individuals consuming drinking water with the same fluorine con-
tent. Detailed case histories and clinical observations seemed to 
indicate that children who had received intakes, normal or above, 
of dietary constituents, particularly calcium, phosphorus, and 
vitamins A and D had a milder type of dental fluorosis in per-
manent teeth than children whose diets were low or deficient in 
these nutrients. The incidence of dental caries was lower in indi-
viduals with dental fluorosis than individuals of the ' same age 
without fluorosis. 
A daily ingestion of elevated amounts (ca. 20 mg. or more) 
of fluorides for several years has produced osteosclerosis in the 
skeleton of man. The condition was observed among cryolite 
workers in Denmark by Moller and Gudjonsson (1932) and Roholm 
( 1937). The latter investigator described the changes as follows: 
The first thing to emphasize is the fact that the affection is a system-disease, 
forit attacks all bones, though it has a predilection for certain places. The 
pathological process may be characterized as a diffuse osteosclerosis, in 
which the pathological formation of bone starts in both periosteum and 
endosteum. Capacta densifies and thickens; the spongiosa trabeculae thicken 
and fuse together. The medullary cavity decreases in diameter. There is 
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considerable new formation of bone from periosteum, and ligaments that do 
not calcify or only in advanced age undergo a considerable degree of calcifi-
cation. All signs of bone destruction are absent from the picture. 
Changes of a somewhat similar nature have been reported in 
man by investigators in different parts of the world and they have 
been evaluated by Hodge and Smith (1954) and Leone et al. 
(1955). 
It was realized by some of the investigators (Dean and asso-
ciates and others) advocating fluoridation of water to reduce 
dental caries that it would be necessary to conduct adequate med-
ical studies to determine the possible systemic effects in man 
of the ingestion of high amounts of fluorides naturally present in 
drinking waters for many years, and if possible during the entire 
life span. Medical studies of this type were initiated in a group 
of people living in Bartlett and Cameron, Texas, in 1943 by med-
ical and dental teams of the United States Public Health Service. 
These two communities were selected because of the fluorine con-
tent of their drinking water whioh was about 8 ppm at Bartlett 
until 1952, and 0.4 ppm at Cameron. The communities are similar 
with respect to geography, race, and principal occupation, namely, 
agriculture. 
Medical studies were repeated on many of the patients ex-
amined in the two communities in 1953 by medical and dental 
teams of the National Institute of Dental Research, National Insti-
tutes of Health. Some of the results of these medical investiga-
tions have been reported by Leone et al. (1954, 1955). 
The investigative procedures were essentially parallel in 
1943 and 1953. These included a medical history, phYSical and 
dental examinations, roentgenological, blood, and urine studies on 
116 patients in Bartlett and 121 in Cameron of different ages who 
had lived in the respective communities for at least 15 years. The 
average length of fluoride exposure was 36.7 years. 
The occurrence of specific systemic abnormalties and preva-
lence of abnormal laboratory results followed no consistent trend 
for either community except that the number of cases of dental 
flUorosis was significantly higher in Bartlett than in Cameron, 
and the difference in the rates of cardiovascular abnormalities 
reached a significant level in Cameron. 
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No clinically significant physiological or functional disturb-
ances resulted from the prolonged intake of water containing 
8 ppm fluorine except for dental fluorosis . 
The' establishment of a positive correlation between the 
presence of elevated amounts of fluorides in drinking water and 
dental fluorosis stimulated many investigators to conduct studies 
in this field in different parts of the United States and throughout 
the world. Many epidemiological studies were conducted to 
determine the relation between the incidence of dental fluorosis 
and caries experience and the fluoride content of the drinking 
water by Dean et al. (1941, 1942). 
Dean (1938) suggested that the possibility of partially con-
trolling dental caries through the water supply warranted study. 
Cox (1939) , and Cox et al. (1939) suggested that the addition of 
small amounts of fluorides to the drinking water offered a practi-
cal partial means of reducing the incidence of dental caries. The' 
addition of a soluble fluoride (at a level of about 1 ppm fluorine) ' 
to a water supply is called fluoridation. R.ecommendations to add 
fluorides to water supplies as a public health procedure to reduce 
dental cades were made to boards of health and other agencies 
concerned with health in 1942 to 1944. 
The first addition of fluoride to a public watersupply in the 
United States to help control dental caries was made at Grand 
Rapids, Michigan, in January of 1945. (Muskegon served as con-:-
trol city). This was a joint project of the United States Public 
Health Service, the Michigan State Department of Health, and 
the University of Michigan. , 
Similar projects sponsored by other agencies ' were started in 
1945 in the following cities: Southbury, Connecticut (Mansfield, 
control city); Newburgh, New York (Kingston, control city); and 
Brantford, Ontario, Canada (Sarnia, control city). Other pro~ 
jects of a similar nature soon followed at Sheboygan, Wisconsin; 
Ottawa, Kansas; Marshall, Texas; Evanston, Illinois; Lewiston, 
Idaho; and Madison, Wisconsin. 
The initial results of several of these studies indicate that this 
procedure is effective in reducing the incidence of dental carie,s. 
Fluctuations in climatological conditions, which influence ' water 
intake; should be considered in determining the quantity of fluor-
ide which should be added to drinking water to give maximum 
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reduction in dental caries without the development of noticeable 
dental fluorosis. The dental benefits to be derived from the in-
gestion of an adequate quantity of fluoride during tooth develop-
ment have been reviewed by Stadt (1954). 
Long-term medical studies are being conducted simultane-
ously with dental studies in young individuals of different ages in 
some of the cities that have fluoridated their drinking water and 
in control cities in the same area consuming a water of low fluor-
ide content. These studies are being made to determine the 
possible systemic effects as well as dental changes resulting from 
an intake of fluoridated drinking water for long periods. 
A study of this type is being made by the State Health De-
partment of New York at Newburgh where the water has been 
fluoridated and Kingston, using water of low fluoride content. 
It was started in 1945-46. About 500 children of different ages 
were selected in each city for study which has included a medical 
history, a complete annual physical examination, laboratory tests 
on blood and urine, and roentgenological investigation of bones 
in the right wrist and legs at the knees. 
Schlesinger et al. (1954) have summarized the results of the 
medical findings obtained during 7 to 8 years of the long-term 
investigation. They concluded that there was no indication of 
any systemic effects, adverse or otherwise, from the use of a 
fluoridated drinking water under the conditions maintained at 
Newburgh, New York. 
Fluoridation of the communal water supply as a means of 
reducing dental caries is increasing markedly in the United States. 
According to the American Dental Association's Council on Dental 
Health (1956) 1,113 communities representing about 22,708,756 
individuals are receiving fluoridated water in this country. It 
appears that there is a world-wide interest in water fluoridation 
as a public health procedure for the improvement of dental 
health. 
OTHER METHODS OF AnDING FLUORIDES To THE DIET 
Several proposals have been made to increase the fluorine 
content of the diet other than by drinking water. Among the 
common foods which have been suggested as carriers of fluoride 
are cereals, flour, sugar, and milk. A variety of foodstuffs is gen-
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erally available to the average family in this country. Sognnaes 
(1954) has evaluated the merits of various vehicles for prOViding 
additional fluoride in the diet to reduce dental caries. Present 
information, although inadequate, indicates wide variations in 
individual intakes of specific foods to which fluoride might be 
added in small amounts. This is a complex problem and no satis-
factory solution of it appears at the present time. 
EXTERNAL ApPLICATION OF FLUORIDE To TEETH 
Many studies have been concerned with the external appli-
cation of fluorides to the teeth as a means of preventing or reduc-
ing tooth decay. A procedure used quite widely is the topical 
application of relatively concentrated (0.1 to 4.0 percent) solu-
tions of fluorides to tooth surfaces which have been previously 
cleaned and dried. Such treatments have been reported to reduce 
new carious surfaces about SO to 50 percent. A number of such 
treatments are usually required to help control caries in children. 
Fluoride-containing cleaning pastes, dentifrices, mouth 
washes, or lozenges and similar products have been and are now 
being used to help control tooth decay. The results of limited 
controlled studies involving these products have been somewhat 
contradictory. An evaluation of the external uses of fluorides 
and other agents on the teeth as means of preventing or reducing 
dental caries has been contributed by Bibby and Brudevold 
( 1954). Some benefits to teeth may be derived from the external 
application of fluorides, but such procedures should not be con-
sidered as a substitute for the fluoridation of drinking water. 
DENTAL STUDIES IN UTAH 
The dental caries experience in some college students and ip 
a group of children with and without rheumatic fever in Utah was 
studied,by Wilcox etal.( 1952a, 1952b). A total of 1,954 fresh-
man students, 1,102 males and 852 females, from the Utah State 
Agricultural Colege, Brigham Young University, and College of 
Southern Utah, and 264 students (10 to 19 years of age with and 
without rheumatic fever) in the Ogden area, were examined by 
cooperating accredited dentists during the years 1948 to 1950. 
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The dental caries experience of each student was measured 
by counting the number of filled teeth, missing teeth, teeth indi-
cated for extraction, and teeth needing fillings. Past and present 
caries experience for the teeth was calculated as decayed, missing, 
and filled (DMF) rate. The third molars were excluded in the 
study because eruption of these teeth had not occurred in most 
of the students. 
The results of these studies revealed a relatively high dental 
caries experience in the students. Other studies of a similar 
nature conducted on students of different ages by Dalgleish and 
associates (1955) of the Division of Dental Health of the Utah 
State Department of Health have indicated an elevated dental 
caries experience in many Utah school chidren. The dental caries 
experience rate of the children was related to the amount of 
fluoride present in the drinking water. These findings are con-
sistent with the results of similar studies conducted in other parts 
of the United States. 
The dental health of children in many Utah communities 
could be improved by fluoridation of their water supplies. This 
applies particularly to communities in Cache County where the 
incidence of dental caries is relatively high. 
SUMMARY 
~OIDNE IS A GASEOUS chemical 
element of the halogen family. It is so active chemically that it 
is found in nature only in combination with other elements called 
fluorides. These substances are widely distributed. They are 
found in soils, sea water, in certain fresh waters, and in bones and 
teeth of all animals. Fluorides are found in low concentrations, 
either naturally or by introduction in feeds, foods, and vegetation. 
The main fluorine-containing minerals of economic importance 
are fluorite or fluorspar, cryolite, apatite, and sedimentary phos-
phate rock. 
A number of studies have been conducted on the effects of 
fluorides on a wide variety of plants. Marked differences in the 
capacity of plants to absorb and tolerate gaseous fluorides have 
30 FIFTEENTH ANNvAL F ACt1LTY REsEARCH LEC1VBE 
been observed. Leaves of certain varieties of gladioli, (Shirley 
Temple), Chinese apricot, and Italian prune are among the plants 
which are sensitive to hydrogen fluoride. 
The onset of symptoms following exposure to hydrogen fluor-
ide depends on a number of factors such as the concentration, 
time of exposure, type and age of plant, temperature, type of light 
and intensity, composition of the air, and its rate of circulation. 
Exposure of sensitive green plants to elevated concentrations 
of the gas for appropriate time intervals under controlled environ-
mental conditions may produce one or more of the following: 
slight paling of the normal green pigment at the tips or margins 
of leaves which may spread to other parts of the leaf, a pale green 
area at the margins may tum into a light buff color, and finally a 
reddish brown sometimes called leaf scorch. Varying degrees of 
injury to -tissues of leaves may occur until the entire leaf becomes 
affected and early defoliation noted. 
Other toxic substances and environmental conditions may 
produce symptoms in plants which resemble those produced by 
fluorides. A correct positive diagnosis of injury to plants by 
fluorides requires that a complete history of the plants and their 
environment be known and adequate chemical tests for fluorides 
in the atmosphere, soil, water, and plant tissues reveal the pres-
ence of toxic amounts of the element. 
The effects of fluorides on animals depend on a number of 
factors such as the physical and chemical properties of the com-
pounds ingested, dosage or amount given, method, and length of 
administration. 
When large doses (several grams) of soluble inorganic fluor-
ides are given orally to animals in a short time interval (few 
minutes or hours), acute intoxication develops. The symptoms 
associated with this type of poisoning are partly local, affecting 
the gastro-intestinal tract (thirst, vomiting, abdominal pains, 
diarrhea) and partly caused by absorption which results in alter-
nate painful spasms and pareses, weakness, excessive salivation, 
perspiration, dypsnea, and weakened pulse. Death may occur, 
attributed primarily to respiratory paralysis. One or more of the 
symptoms may be absent. 
As young animals are fed above normal concentrations of 
fluorides during the period of tooth development, there is grad-
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ual evidence of chronic symptoms. A slight alteration in the ap-
pearance of the pem1anent teeth, ranging from slight white stri-
ations to chalky areas in the enamel, is the first detectable change. 
This may be the only deviation from normal observed. 
The ingestion of excessive amounts of fluorides by young farm 
animals for long periods causes more striking changes in the teeth 
such as brown discolorations, pitting, and marked wear of the 
entire tooth. The exposure of adult farm animals with completely 
erupted teeth to excessive amounts of fluorides for long periods 
will produce chronic symptoms of fluorosis except the teeth will 
remain normal. Bones and jOints of the animals may become 
enlarged and extra bone growths, or exostoses, may appear in 
different parts of the skeleton. Some animals may become stiff 
and intermittent lameness may occur. In advanced stages of 
fluoride intoxication, systemic effects such as anorexia, inanition, 
and cachexia may develop. Other secondary symptoms such as 
decreased milk production and rough hair coat may be observed. 
Starvation and other conditions which interfere with normal 
physiological processes may produce some symptoms that re-
semble those found in severe chronic poisoning by fluorides. 
A positive diagnosis of fluorosis in animals may be made 
when clinical symptoms typical of those produced by fluorides 
are present in teeth, bones, and involve vital systemic processes, 
and chemical analyses indicate excessive amounts of fluorine are 
present in the diet, urine, teeth, bones, or in all four. 
There are Significant differences in the toxicity of different 
compounds of fluorine depending on solubility and other factors, 
and in the sensitivity of various species to the same compound. 
The common farm and laboratory animals may be listed in the 
order of their apparent increasing tolerances to inorganic fluorides 
(sodium fluoride) as follows: cattle, sheep, rats, swine, rabbits, 
guinea pigs, chickens, and turkeys. 
The tolerances of some animals to ingested fluorides may be 
increased by adding certain soluble aluminUll1 compounds to the 
ration, by the consumption of green forage, by including higher 
levels of calciUll1 compounds low in fluorine, and by adequate 
nutrition. 
The effects of excessive doses of inorganic fluorides on man 
are similar to those found in animals. Man's tolerance to inorganic 
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fluorides is much lower than the animals studied. Large doses 
of fluorides are harmful to both man and animals. 
When man consumes drinking water containing about 1 ppm 
fluorine, either naturally present or artifically added as a soluble 
fluoride, during the period of calcification and eruption of the 
teeth, a Significant reduction in the incidence of dental caries may 
be expected. Scientific evidence indicates no harmful effects in 
man by the ingestion of this low concentration of fluoride in the 
drinking water. Fluoridation of water supplies as one means of 
reducing dental caries is a widespread practice in the United 
States. 
Additional fundamental research on the effects of fluorides 
on plants, animals, and man is indicated. 
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